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Abstract
We propose a U(1)′ extension of the standard model with the addition of three quark singlets, two scalar singlets
and one scalar doublet. By introducing mixing couplings between ordinary and exotic fermions ruled by global
symmetries, we obtain mass relations among quarks with few parameters The model exhibits a ”natural” scenery
where a hierarchical mass spectrum can be obtained by providing Yukawa couplings with a nearly symmetric structure
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1. Introduction
The standard model (SM) is a theory based on the
gauge group Gsm = SU(3)c × SU(2)L ×U(1)Y that suc-
cessfully explain most of the particle physics data [1, 2].
However, there are some questions that the SM does not
explain in a satisfactory form. For example, in the quark
ﬂavor puzzle [3], all the quarks exhibit very diﬀerent
mass values, as shown in Fig. 1, even though they ac-
quire masses at the same scale ν = 246 GeV.
In the SM, the fermion masses are provided by
Yukawa interactions consistent with the gauge symme-
try and with the inclusion of only one scalar doublet.
Calling qiL the usual left-handed quark doublet, U
i
R and
DiR the right-handed up- and down-type singlets, and
i = 1, 2, 3 the three phenomenological families, the
Yukawa Lagrangian for the quark sector reads:
−LQ = qiL(φhU)i jU jR + qiL(φ˜hD)i jD jR + h.c., (1)
where the scalar doublet φ acquire a vacuum expectation
value (VEV) ν = 246 GeV. After the symmetry break-
ing, the above Lagrangian leads to the mass matrices.
Since the original symmetry Gsm does not impose any
restriction in the family indices, there arise oﬀ-diagonal
terms in the Yukawa matrices hQ, leading to mass ma-
trices of the form:
MU,D =
ν√
2
hU,D =
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
∗ ∗ ∗
∗ ∗ ∗
∗ ∗ ∗
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠ , (2)
where ∗ indicates components proportional to ν. How-
ever, the mass of the heaviest quark (top) is about 5
order of magnitude larger than the lightest quark (up).
This require ”unnatural” ﬁne tuning of the Yukawa pa-
rameters without any apparent fundamental reason.
2. The Model
Let us assume the extension to the gauge symmetry
G′ = GS M ⊗ U(1)X , with the following transformation
rules for quarks and scalar doublet
q1(2,3)L =
(
U1(2,3)
D1(2,3)
)
L
: (3, 2, 13 ,
1
3 (0)),
UiR : (3
∗, 1, 43 ,
2
3 ),
DiR : (3
∗, 1, −23 ,
−1
3 ),
φ1 =
(
φ+1
1√
2
(ν1 + ξ1 + iφ01)
)
: (1, 2, 1, 23 ),
where the values of the charges X are non-universal in
the left-handed quark sector. However, this spectrum
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Figure 1: Mass scales for the up-type (charge 2/3) and down-type
(charge −1/3) phenomenological quarks. The dashed line shows the
electroweak breaking scale ν = 246 GeV
exhibits the following problems: (a.) It predicts mass-
less quarks, (b.) the local U(1)X predicts a second neu-
tral and massless weak current, and (c.) the new neutral
current induces anomalies which are not cancelled. To
ﬁxs these problems, we add the following particles:
TL(R) : (3, 1, 43 ,
1
3 (
2
3 )),
JnL(R) : (3, 1,
−2
3 , 0(
−1
3 )),
φ2 =
(
φ+2
1√
2
(ν2 + ξ2 + iφ02)
)
: (1, 2, 1, 13 ),
χ0 =
1√
2
(νχ + ξχ + iζχ) : (1, 1, 0, 13 ),
σ0 =
1√
2
(νσ + ξσ + iζσ) : (1, 1, 0, 13 ), (3)
where:
- The singlets T and Jn are up- and down-like
quarks, respectively, with n = 1, 2.
- An additional scalar doublet φ2 is introduced.
- An extra scalar singlet χ0 with VEV νχ is required
to produce the breaking of the U(1)X symmetry at
a large scale.
- Another scalar singlet σ0 is introduced. Since it
is not essential for the symmetry breaking mecha-
nisms, we may choose a small VEV 〈σ0〉 = νσ  ν
We must assume the existence of additional global
symmetries. They are:
• Z2 symmetries: We restrict the couplings of scalar
ﬁelds by requiring the discrete symmetries
φ2 → −φ2, σ0 → −σ0,
DiR → −DiR TL,R → −TL,R. (4)
• U(1)T3 symmetry: In the absence of the Yukawa
couplings and after the gauge symmetry breaking,
the model still has a global SU(2)L symmetry. Let
us assume that the Yukawa Lagrangian break this
global symmetry, but an U(1)T3 symmetry remains
in the left-handed down sector, under which
D2L → −D2L, D3L → D3L. (5)
Thus, by requiring the above global symmetries, we
obtain extended mass matrices of the form:
M′U =
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
MU | k
— — — — —
K | MT
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠
=
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
0 0 0 | •
∗ ∗ ∗ | 0
∗ ∗ ∗ | 0
— — — — —
• • • | ×
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
,
M′D =
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
MD | s
— — — — —
S | MJ
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠
=
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
0 0 0 | •
0 0 0 | •
∗ ∗ ∗ | 0
— — — — —
• • • | ×
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
, (6)
where the symbols ∗ and • indicate terms at the elec-
troweak scale ν, and × terms at the large scale νX . The
above extended matrices have non-vanishing determi-
nant, providing masses to all quarks. Speciﬁcally, the
mass matrices M′U,D exhibit three eigenvalues at the
scale mu,d,s ∼ MeV, three at the scale mc,b,t ∼ GeV and
three at the scale mT,J ∼ TeV, which is consistent with
Fig. 1.
3. Numerical Results
Let us choose the following structures consistent with
Equation (6):
M′U =
1√
2
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
0 0 0 ν2y1
ν1YU ν1YU ν1YU 0
ν1YU ν1YU ν1Yt 0
νσc1 0 0 νχhTχ
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ ,
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M′D =
1√
2
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
0 0 0 hD 0
0 0 0 0 hD
ν2YD ν2YD ν2YD 0 0
νσΓD 0 0 νχk11 0
0 νσΓD 0 0 νχk22
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
.
Assuming that νχ 
 ν1,2,σ, we ﬁnd for the up sector
that:
mu ≈ y1c1
(
ν2νσ
2mT
)
mc,t =
ν1
2
√
2
(YU + Yt)
[
1 ∓ √1 + 4yUtUt]
mT ≈ 1√
2
hTχ νχ, (7)
where we deﬁne the asymmetry parameters
yUt =
YU
YU + Yt
, Ut =
(YU − Yt)
(YU + Yt)
. (8)
For the down sector we ﬁnd:
md,s ≈ ΓD
(
hDνσ
2mJ1,2
)
mb =
1√
2
YDν2
mJ1,2 ≈ 1√
2
k11,22νχ.
(9)
Using the second equation from (7) and the deﬁni-
tions (8), we ﬁnd the ratio
mc
mt
≈ −yUtUt
1 + yUtUt
, (10)
while from the ﬁrst equation in (9) for the down sector
we ﬁnd
md
ms
=
mJ2
mJ1
. (11)
Regarding the up and bottom quarks, we ﬁnd that
mu
mb
=
(
y1c1√
2YD
)
νσ
mT
. (12)
Taking only the central values, we consider the fol-
lowing experimental masses [2]:
mu = 2.3 MeV,md = 4.8 MeV,ms = 95 MeV,
mc = 1.275 GeV,mb = 4.65 GeV,mt = 173.5 GeV.
Figure 2: Ratio between the top (Yt) and light (YU ) Yukawa couplings.
Both lines show two schemes: the traditional scheme with Yt/YU ≈
135.05 and the natural scheme with Yt/YU ≈ 1.03.
Using the above values and the ratios (10), (11) and
(12), we obtain the following relations:
yUtUt =
−mc/mt
1 + mc/mt
≈ −7, 3 × 10−3, (13)
mJ1 ≈ 20 mJ2 , (14)
νσ
mT
≈
(
5 × 10−4
) √2YD
y1c1
. (15)
Fig. 2 shows the top quark coupling Yt as func-
tion of the light-quark coupling YU according to (13),
which exhibits two possible solutions which lead to two
diﬀerent mass schemes. First, the traditional scheme,
where Yt/YU ≈ 135.05 is required to ﬁt the experimen-
tal masses, and where small variations of YU imply large
variations of Yt. This ratio implies an asymmetry factor
Ut ≈ −0.985. Second, we obtain a ”natural scheme”
where Yt/YU ≈ 1.03, which is consistent with a sym-
metry where degenerated up-type Yukawa couplings is
favored, with Ut ≈ −0.015.
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